An explanation of the action of Mendelean characters or genes in the development of an organism will have to be based on the chemical changes they produce. But very little is known about the relation between genes and the chemical composition of a plant. This is chiefly due to the difficulties inherent in the genetic analysis of chemical composition, which will require thousands of individual analyses. In one instance, however, chemical differences can easily be recognized by the geneticist, viz., when the genetics of colored substances is studied. In the case of anthocyan colors an extensive study by English investigators has shown that single genes affect such biochemically simple reactions as oxidation, methoxylation and methylation, as well as pigment production or changes in the pH of the cell sap. (See the review by Scott-Moncrieff. 1)
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The chromatographic method invented by Tswett is available for the differentiation and quantitative estimation of carotenoids, and has been better developed for these than for any other class of natural pigments2. Since a number of genes affecting carotenoids are known, it is surprising that not more work on the chemistry of carotenoid inheritance has been done. For lower plants the contribution of Kuhn and Moewus,3 relating the crocin, pikrocrocin and safranal content of Chlamydomonas to its genetic behavior, stands out. In the higher plants we can quote articles by Mangelsdorf and Fraps4 as well as Randolph and Hand5 who have shown that the provitamin A content of corn endosperm is a function of the number of Ygenes. Work by Emsweller, Burrell and Borthwick6 and by Johnson and Miller7 on inheritance of carotenoids in carrots and wheat was carried out by the spectroscopic analysis of extracts, which makes identification of some individual carotenoids more difficult. This is also true of work described in a short article by Brass, Beyrodt and Mattausch,8 who tentatively identify the yellow pigment of tomato skin as ,B-carotene without mentioning genetic relations.
The present paper deals with the qualitative and quantitative estima--tion of the components of the polyenic pigment of ripe tomatoes as influenced by genes. Two sets of genes are known to affect the color of the ripe tomato fruit (Lindstrom9). Of the skin color genes, Y and y, the dominant form Y causes a yellow color of the epidermis, the homozygous recessive y resulting in a colorless skin. Another pair of genes produces red, R, or yellow, r, flesh. The genes mentioned are responsible for the well-known difference between the red and yellow tomato. The two sets of genes are completely independent and are presumably located in different chromosomes.
For the present investigation four sets of ripe tomato fruit were kindly supplied by Dr. J. Leslie of the Citrus Experiment Station in Riverside, California. They were all collected in the same field at the same time. Within each group various plants with differing genetic constitutions were represented, but in size and color the fruit were uniform. The genetic constitution of the fruit was:
Yr: yellow skin, yellow flesh (golden yellow tomato), yr: colorless skin, yellow flesh (paler than the previous one), yR: colorless skin, red flesh (a red tomato lacking the warm orange tinge), YR: yellow skin, red flesh (common red tomato). The skin was peeled off and scraped as clean as possible from adherent flesh. Microscopic examinations showed, however, that a certain number of flesh cells adhered to the epidermis. The "colorless skin" tomatoes, y, had no recognizable color in their epidermis cell walls, but the "yellow skin" fruits, Y, had bright yellow epidermal walls. Based on the microscopic inspection of the peeled skins it is estimated that in Nos. 1-4 (table 1), at least 10% of their volume was composed of flesh cells and their remains (for No. 4a see later).
By means of the chromatographic method, described below, the amounts of the individual pigments have been determined, as given in table 1. $ In this case the skins have been freed from flesh with special care and under microscopic control, until practically no more flesh cells or debris were observed.
Discussion.-The yellow color of the skin of the tomatoes investigated is due to an as yet unidentified alkali-soluble pigment already mentioned by other workers.'0 This pigment is located in the thick cell walls of the epidermis. Small amounts were obtained from the flesh; these amounts were independent of the genetic constitution of the plant (table 1, Nos. 5-8). A similar quantity was found in the colorless skins (Nos. 2 and 3, yr and yR). This indicates that at least a small, almost constant amount of the alkali-soluble yellow pigment is present everywhere in the four groups of tomato fruits. The gene Y in dominant form increases this amount tenfold (Nos. 1 and 4) in the skin but leaves the flesh unaffected (Nos. 5 and 8 compared with 6 and 7). Whether the dominant gene R or its recessive modification r is present does not change the amount of the alkali-soluble pigment significantly. rhe gene R is clearly responsible for the increase in carotenoids proper both in flesh and skin. When present in dominant form, it determines in the first place the presence of lycopene (Nos. 3-4 and 7-8), but the increase in this main pigment is always accompanied by increases in the other carotenoids; the yellow hydrocarbons were increased eightfold, the xanthophylls 2 5 times. It is an open question whether we have to deal with a pleiotropic effect of the gene R, or whether the parallel increases in all carotenoids are due to a series of linked genes. This can be determined only by future genetic analysis, in which the basis of classification will be chromatograms instead of the gross color of the fruit.
One point needs further discussion, viz., the variability of the carotenoid content in the skin. This is attributable to different causes. In the first place, there are considerable differences in the chromoplast content of the epidermal cells. Whereas in some instances a relatively large number of lycopene crystals can be seen in the epidermal cells, in other cases the latter seem relatively free from plastids (cf. Kylin" who found only very small chromoplasts in the epidermis of tomato fruits). In the second place, varying amounts of flesh cells adhered to the scraped epidermis. In one sample (4a), however, which was prepared with special care, microscopic examination failed to show any appreciable amount of adhering flesh cells; nevertheless the lycopene content was of the same order of magnitude as in the other two samples (Nos. 3-4). Thirdly, variations in the thickness of the epidermal walls obviously affect the percentage of carotenoids in the skin, since by far the largest part of the dry weight of the skin is made up of cell walls.
Experimental.-Starting materials: Each portion (2.65 kilos = 58-68 tomatoes) was peeled and the skins were kept in water overnight to facilitate the subsequent removal of flesh particles. The wet skins were scraped individually with a knife, and dehydrated in methyl alcohol for 12 hours. The alcohol was then removed on a Buchner funnel. The sample was dried for 6 hours at 400 (4.5-7 g.) and kept under carbon dioxide. The alcoholic filtrate was diluted with water and extracted with ether, which was washed free of alcohol, dried over sodium sulfate and used in the subsequent extraction of the skin.
The pulp (free from seeds, about 0.8 kilo) was washed, cut up in a meat grinder, sucked as dry as practicable in a Buchner funnel, kept in methanol overnight and treated as described above for the skins. This operation yielded a dried pulp (10.5-12 g.) and an ether extract.
Chromatography: Each sample (dry pulp or skin) was divided into two parts for duplicate estimations. About 2-6 g. were ground in a coffee mill and treated first with the corresponding half of the ether extract (see above) and then repeatedly with peroxide-free ether during two days until the last extract was almost colorless. The solution (500 cc.), when completely evaporated in a slow CO2 stream, finally in vacuum, left a partially crystalline residue if lycopene was the main pigment; in other cases it was oily. The residue was dissolved in just the necessary amount of petroleum ethert or, if the lycopene content was high, in benzene. In the latter case 3 volumes of petroleum ether were added. The solution was immediately chromatographed on calcium hydroxide (Sheil; cylindrical part of tube :t 23 X 2.5 cm.; for lycopene rich solutions: 25 X 4 cm.). In the absence of lycopene petroleum ether was used as a developer; if it was present, the chromatogram was developed first with a 1:1 mixture of petroleum ether and benzene, then with pure benzene and finally the latter was displaced with petroleum ether.
If the lycopene content is low all components of the pigment can be retained in the column. In the opposite case lycopene occupies such a large section of the adsorbent that it is advisable to wash the carotene into the filtrate, which is evaporated, dissolved in a small volume of petroleum ether, and rechromatographed on calcium hydroxide. By the latter procedure the following two chromatograms, A and B, were The column was cut in an appropriate way, and the individual layers were eluted with a 3:1 mixture of petroleum ether and alcohol (95%).
Each solution was washed free of alcohol and dried with sodium sulfate. The spectra were determined in an Evaluating Grating Spectroscope as devised by Loewe and Schumm (Zeiss; light filter: Jena BG 7) and the concentration of the pigments in the Pulfrich Gradation Photometer (Zeiss; light filters S45 for ,8-carotene, S47 for the other polyenes; photometric values as given by Cholnoky12:). The sum of xanthophylls was determined as "lutein," lycoxanthin as "lycopene," neolycopene and the next lower layer as "lycopene" X 1.5; for 'y-carotene the mean photometric values of lycopene and ,8-carotene were adopted; the next four layers were determined as " #-carotene." § The figures obtained are given in table 2. Alkali-soluble yellow pigment: After the carotenoids had been removed with ether the respective residues of the pulp and of the skin were extracted once with 100 cc. of N NaOH, twice with 50 cc. of N/4 alkali, and finally several times with water (total volume 500 cc.). By using the filter S47 in the photometer, an arbitrary unit was chosen, viz., that amount contained in 500 cc. of N/4 NaOH, which gave k = 0.03, in a 1-cm. cell.
(The curve is approximately linear, 10 units showing k = 0.39.)
The main source of experimental error in the determination of the carotenoids was incomplete extraction. The material after having been apparently exhausted with ether yielded a new fraction when kept in the solvent for 2 weeks. Such a procedure may involve, however, the risk of autoxidation and partial bleaching. In some instances the error amounted to 12-28% of the total lycopene content. This does not affect the genetical deductions. 
